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博士学位論文の要約  
Summary 
 
Large-scale wind turbine high-temperature superconductor (HTS) synchronous generators (WTHGs), which 
can directly meet the wind power systems under low speed, have great merits such as lighter weight, higher 
power density and higher efficiency than the conventional generators due to HTS high current density. 
Therefore, a lot of design studies of large-scale WTHGs have been carried out all over the world, and we 
propose a salient pole WTHGs with both rotor and stator iron cores considering cost-performance and light 
weight compared with the other counterparts. 
This research focuses on the electrical design using the three-dimensional (3-D) magnetic field simulation and 
optimization of 10 MW salient-pole WTHGs, and has the following main purposes. 
(1) Development of the electrical design method for salient-pole WTHGs 
(2) Optimization of main machine parameters based on their influence on the basic performance of WTHGs  
(3) Clarification of the operating temperature influence on various machine parameters and the determination 
   of a preferable operating temperature 
 (4) Introduction of the basic structure of the cryogenic vessel used for HTS coils and the required cooling  
    power 
(5) Performance comparison of wind turbine generators with HTS, copper and PM excitation 
This dissertation consists of six chapters and these outlines are described as follows. 
In chapter I, the outline and development trend of wind power systems, and the current status of large-scale 
wind turbine generators including HTS synchronous generators and HTS technology, were introduced. In 
addition, research and development (R&D) of WTHGs in EU, US, and Japan are presented in pretty detail. 
In chapter II, a conceptual structure of 10 MW salient-pole WTHGs is presented, and a novel electrical design 
method is proposed and its derivation is introduced in detail according to the design process. In addition, the 
magnetic field simulation is conducted and the distribution of the magnetic flux density in the different 
positions of single pole for WTHGs is described. Some main parameters including the pole pitch, the stator 
outer diameter, the magnetic flux density in the teeth, and the electric loading of 10 MW WTHGs are optimized 
considering their effects on the basic performance. Moreover, the optimized machine performance parameters 
of a 10-MW WTHG are compared with conventional wind turbine generators with copper field windings. 
Finally, it is found that large-scale WTHGs have a higher power density, lighter weight, and higher efficiency 
than the conventional counterparts. 
In chapter III, a preferable operating temperature is studied considering its influence on the basic performance 
(the generator weight, efficiency, and the required HTS length) and the cost of WTHG various components, and 
comparatively investigated with counterparts of conventional generators. Specifically, the operating 
temperature influence on the field leakage coefficient and the magnetic flux is studied based on the 3-D 
magnetic field simulation. In addition, the maximum field current and the refrigerator power required at 
different operating temperatures are studied. In the end, it is concluded that 68 K is a preferable operating 
temperature for 10 MW WTHGs. 
In chapter IV, the magnetic flux density simulation for single pole of WTHGs is performed. The determination 
methods of two key parameters of the field leakage coefficient and the HTS electric heat loss are presented 
based on the simulation results of the magnetic flux density. In addition, a basic structure of a cryogenic vessel 
used for HTS field coils is proposed and various heat losses in the different positions of the cryogenic vessel 
are calculated. Then, the required cooling power for the refrigerator is obtained, and its volume and flow rate 
are calculated. 
In chapter V, the modified electrical design methods for wind turbine generators with copper coil (copper 
専 攻 
Major 
応用環境システム学 氏 名 
Name 
許 媛媛 
論文題目 
Title 
Design and optimization of 10 MW wind turbine HTS generators 
(風力用 10MW 高温超電導発電機の設計と最適化) 
generators) and permanent magnet excitation (PM generators) are proposed which are based on the electrical 
design method of wind turbine generators with HTS field coils (HTS generators). In addition, a machine 
parameter survey is conducted using the modified design programs, and some main machine parameters are 
optimized considering their influence on the basic performance of the 10 MW wind turbine generators which 
include the magnetic flux density in rotor iron cores, the pole pitch, and the stator outer diameter for HTS 
generators rotating at 8 min
-1
, the pole pitch and the stator outer diameter for copper generators, and the PM 
thickness and the stator outer diameter for PM generators. Finally, the optimized design results for 10 MW 
wind turbine generators rotating at the low speeds of 8 min
-1
 and 10 min
-1 
are studied and compared. 
In chapter VI, the conclusions of the whole dissertation are conducted, and the relevant works in the future are 
briefly looked into. 
 
 
